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ABSTRACT
Aims. This program originated as the north pole region extension of the established exoplanet survey using 1.8 m telescope at Bo-
hyunsan Optical Astronomy Observatory (BOAO). The aim of our paper is to find exoplanets in northern circumpolar stars with a
precise radial velocity (RV) survey.
Methods. We have selected about 200 northern circumpolar stars with the following criteria: δ ≥ 70 ◦, 0.6 < B−V < 1.6, HIPPAR-
COSscat < 0.05 magnitude, and 5.0 < mv < 7.0. The high-resolution, fiber-fed Bohyunsan Observatory Echelle Spectrograph (BOES)
was used for the RV survey. Chromospheric activities, the HIPPARCOS photometry, and line bisectors were analyzed to exclude other
causes for the RV variations.
Results. In 2010, we started to monitor the candidates and have completed initial screening for all stars for the last five years. We
present the detection of four new exoplanets. Stars HD 11755, HD 12648, HD 24064, and 8 UMi all show evidence for giant planets
in Keplerian motion. The companion to HD 11755 has a minimum mass of 6.5 MJup in a 433-day orbit with an eccentricity of 0.19.
HD 12648 is orbited by a companion of minimum mass of 2.9 MJup having a period of 133 days and an eccentricity of 0.04. Weak
surface activity was suspected in HD 24064. However, no evidence was found to be associated with the RV variations. Its companion
has a minimum mass of 9.4 MJup, a period of 535 days, and an eccentricity of 0.35. Finally, 8 UMi has a minimum mass of 1.5 MJup,
a period of 93 days with an eccentricity of 0.06.
Key words. stars: individual: HD 11755, HD 12648, HD 24064, 8 Ursae Majoris (HD 133086) — stars: planetary systems —
techniques: radial velocities
1. Introduction
Since the 1990s, exoplanet surveys by precise radial velocity
(RV) method have been conducted in many observatories around
the world. Nearly 25 years of concerted RV monitoring has re-
vealed an interesting and diverse planetary systems. Almost all
initial exoplanet search programs have focused on G, K main
sequence (MS) as host stars because they are bright enough to
have a high signal-to-noise (S/N) ratio and have an ample num-
ber of spectral lines for precise RV measurements. However, due
to deficit of candidate stars in this stage for ground-based obser-
vations, searches have been expanded gradually to evolved stars
(Frink et al. 2002; Setiawan et al. 2003; Sato et al. 2003; Hatzes
et al. 2005; Döllinger et al. 2007; Han et al. 2010). There is no
doubt that most planet search programs reflect bias towards rel-
atively bright stars and against fainter M dwarfs. However, M
dwarfs are the most numerous class of stars in the solar neigh-
borhood, comprising ∼ 75% of the stars (Reid et al. 2002). Low-
mass stars may be the most typical targets of planet formation
(Lada 2006) and were collectively monitored by several groups
⋆ Based on observations made with the BOES instrument on the
1.8 m telescope at Bohyunsan Optical Astronomy Observatory in Ko-
rea.
(Endl et al. 2003; Wright et al. 2004; Bonfils et al. 2005). Now M
dwarfs are the most active observational target (Anglada-Escudé
et al. 2012; Bonfils et al. 2013; Howard et al. 2014; Bowler et al.
2015).
Most of the ground-based RV surveys have been conducted
in the form of an all-sky survey in accordance with the classi-
fication of spectral type and luminosity class and developed to
maximize the RV accuracy of a star. But, this strategy causes a
bias. Most of RV observatories in the northern hemisphere are
focusing observations on specific spectral or luminosity class
rather than targeting a specific area. Due to the geographical con-
straints and the effective operation of the telescope, high declina-
tion zone has not been observed actively. Even in Hawaii where
large telescopes for spectroscopic observatories are densely pop-
ulated, observations of more than 70 ◦ declination are not ef-
fective. As a result, such area has become a likely blind spot
of planet survey (+70 ◦ < δ < +90 ◦ and −70 ◦ < δ < −90 ◦ ).
Around 20 exoplanets have been found in this region (6% of the
total area) corresponding to ∼3% of detection by the RV method
and ∼1% of the total exoplanet detection. Here, we introduce a
new exoplanet survey, a “Search for Exoplanet around Northern
circumpolar Stars (SENS)”, which uses the 1.8 m telescope at
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Bohyunsan Optical Astronomy Observatory (BOAO) in Korea
to search for planets among several survey projects.
In this paper, we present the first result from the survey. In
Sect. 2, we introduce the SENS program. Sect. 3 describes the
observational data and reduction procedures. We detail the stellar
characteristics in Sect. 4 and the RV analysis and the nature of
the RV measurements for each star in Sect. 5. Finally, in Sect. 6
we discuss the result from this study.
2. The SENS program
Our survey targets are selected from the HIPPARCOS catalogue
(ESA 1997) according to the following criteria: stars with 1) the
declination δ ≥ 70, 2) 5.0 < mv < 7.0 to attain a sufficient S/N
ratio, which are barely observable using the 2 m class telescopes
with a Doppler precision of ∼10 m s−1, 3) a color index of 0.6
< B−V < 1.6 to study precise RV measurements with an am-
ple number of spectral lines, and 4) excluding stars identified
as known photometric variables or having photometric scatters
over 0.05 magnitude based on the results of the HIPPARCOS
photometry. In total, we have selected about 200 stars for the
survey, which consist of late-F, G, K, and early-M stars covering
all luminosity classes (the fractions in these spectral classes are
2%, 33%, 60%, and 5%, respectively). Our target list includes
two known planetary systems. This overlap will serve as a check
on the systematic difference with another RV measurements.
Our survey has three advantages. First, the area was not ac-
tively observed for exoplanet survey. Second, since the candi-
dates are concentrated around the pole star, this reduces the tele-
scope travel time to the successive target (less than 30 seconds).
Finally, observations are possible throughout the year.
Our basic procedure is composed of the following three
steps. In the first step, we had observed a large number of candi-
date stars with a S/N ratio of ∼150 by 2012. During this period,
observing time is scheduled such that each target should receive
4−5 observations per year for the first screening to identify stars
showing large RV variations. This strategy would appear to re-
duce the probability of detecting shorter-period exoplanets be-
cause they require more densely sampled observations. We, how-
ever, note that our sample contains just 5% of MS star, which are
expected to be slightly more frequently observed. In the second
step, for stars that turn out to show large RV variations, more
than three times RV variations of the RV standard star τ Ceti, we
conduct follow-up observations to confirm their periodicity. This
proceeds for two years. In a final step, we focus on the detection
of planets with periodicity. We plan to monitor the selected tar-
gets during the next two years to cover a complete orbital cycle
for planetary candidates. This program takes seven years in total.
3. Observations and data reduction
Observations were carried out using the fiber-fed high-resolution
Bohyunsan Observatory Echelle Spectrograph (BOES; Kim et
al. 2007) attached to a 1.8 m telescope at BOAO in Korea. Gen-
erally, to reduce the line broadening due to a stellar rotation, an
exposure time is limited to less than about 20 minutes in the pre-
cise RV measurements. In order to obtain an appropriate signal
with respect to the candidates (5.0 < mv < 7.0), the resolution
of the optical fiber of 45 000 is most advantageous among three
kinds of resolutions R = 90 000, 45 000, and 27 000 available. To
obtain precise RV measurements, we used an iodine absorption
(I2) cell, which superimposes thousands of molecular absorp-
tion lines over the object spectra in the spectral region between
4900 and 6100 Å. Using these lines as a wavelength standard,
we simultaneously model the time-variant instrumental profile
and Doppler shift relative to an I2 free template spectrum.
Observations for the SENS began at BOAO in January 2010.
The program has received about 17 nights per year from the be-
ginning, and approximately 40% has produced usable data. We
aim for a S/N ratio of ∼150 at 5500 Å, resulting in exposure
times ranging from 10 to 20 minutes.
Extraction of the spectra from raw CCD images was car-
ried out using the IRAF software that performs bias correction,
flat fielding, removing scattered light from inter-order pixels,
and subtracts one dimensional spectra. The precise RV mea-
surements related to the I2 analysis were undertaken using the
RVI2CELL (Han et al. 2007), which is based on a method by
Butler et al. (1996) and Valenti et al. (1995). The long-term sta-
bility of the BOES has been monitored by observing the RV stan-
dard star τ Ceti since 2003. It demonstrates a long-term RV sta-
bility of the spectrometer with an rms scatter of about 7 m s−1
(Lee et al. 2013).
4. Stellar characteristics
4.1. Fundamental parameter
The basic stellar parameters were taken from the HIPPARCOS
catalog (ESA 1997) and improved parallaxes from van Leeuwen
(2007). The distance and luminosity came from the result of
Anderson & Francis (2012). The stellar atmospheric parameters
were determined using the TGVIT (Takeda et al. 2005) program
based on the Kurucz (1992) atmosphere models. We used more
than 150 equivalent width (EW) measurements of Fe I and Fe II
lines each star. Stellar radii and masses were estimated from the
stellar positions in the color−magnitude diagram and by using
the theoretical stellar isochrones of Bressan et al. (2012). We
also adopted a version of the Bayesian estimation method (Jør-
gensen & Lindegren 2005; da Silva et al. 2006) by using the
determined values for Teff, [Fe/H], mv, and π. It also provided
the most likely values of stellar age. The basic stellar parameters
are summarized in Table 1.
4.2. Rotational period
In evolved stars, the stellar rotational period is very important
in identifying the RV variation from the rotational modulations
of surface structures. The observed stellar spectrum was fitted
by convolving the component functions, which broaden spectral
lines without altering their EW. Determining the origin of the
broadening is difficult for spectra of slowly rotating late type
stars because they have similar intrinsic line profiles.
To estimate the stellar rotational velocities, a line-broadening
model by Takeda et al. (2008) was used. For the determina-
tion of line broadening, the automatic spectrum-fitting technique
(Takeda 1995) for the spectrum within the wavelength range
6080−6089 Å was also used. We estimated the rotational veloc-
ities of 2.3 km s−1 for HD 11755, 4.8 km s−1 for HD 12648, 3.5
km s−1 for HD 24064, and 3.6 km s−1 for 8 UMi. Based on the
rotational velocities and the stellar radii, we derived the upper
limits for the rotational period of 600.5 days for HD 11755, 97.0
days for HD 12648, 549.3 days for HD 24064, and 139.1 days
for 8 UMi.
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Table 1. Stellar parameters for the stars analyzed in the present paper.
Parameters HD 11755 HD 12648 HD 24064 8 UMi Ref.
α (J2000) 01 58 50.087 02 18 59.654 03 56 36.297 14 56 48.353 1
δ (J2000) +73 09 08.58 +85 44 10.22 +74 04 48.12 +74 54 03.34 1
Spectral type G5 G5 K0 K0 1
mv (mag) 6.87 6.98 6.75 6.83 1
HIPPARCOSscat (mag) 0.010 0.009 0.009 0.008 1
B−V (mag) 1.216 ± 0.008 0.904 ± 0.008 1.513 ± 0.008 0.985 ± 0.010 1
Parallax (mas) 4.27 ± 0.42 6.29± 0.36 3.72 ± 0.44 6.25 ± 0.43 2
Distance (pc) 231.5 ± 22.7 158.4 ± 9.0 264.4 ± 31.2 159.1 ± 11.0 3
Age (Gyr) 10.2 ± 1.3 4.5 ± 1.0 9.0 ± 2.1 1.7 ± 0.2 4a
Teff (K) 4312.5 ± 5.0 4835.8 ± 7.5 4052.5 ± 22.5 4847.4 ± 7.5 4
[Fe/H] −0.74 ± 0.02 −0.57 ± 0.02 −0.49 ± 0.06 −0.03 ± 0.02 4
log g 1.67 ± 0.03 2.18 ± 0.03 1.44 ± 0.11 2.57 ± 0.03 4
R⋆ (R⊙) 27.3 ± 1.0 9.2 ± 0.6 38.0 ± 2.9 9.9 ± 0.4 4a
M⋆ (M⊙) 0.9 ± 0.1 1.2 ± 0.1 1.0 ± 0.1 1.8 ± 0.1 4a
L⋆ [L⊙] 145.72 45.01 352.90 55.94 3
vrot sin i (km s−1) 2.3 4.8 3.5 3.6 4b
Prot / sin i (days) 600.5 97.0 549.3 139.1 4b
vmicro (km s−1) 1.50 ± 0.04 1.52 ± 0.03 1.53 ± 0.09 1.48 ± 0.04 4
References. (1) HIPPARCOS; (2) van Leeuwen (2007); (3) Anderson & Francis (2012); (4) This work.
Notes. (a) Derived using the online tool (http://stevoapd.inaf.it/cgi-bin/param). (b) See text.
3960 3965 3970 3975
HD 24064 
(K0)
HD 11755 
(G5)
8 UMi 
(K0)
HD 201091 
(K5 V)
 
R
el
at
iv
e 
Fl
ux
Wavelength (A)
HD 12648 
(G5)
Sun 
(G2 V)
Fig. 1. Ca II H line cores for our program stars including the chromo-
spheric active star HD 201091 and the Sun. There are no core reversals
in the center of the Ca II H line for three stars except HD 24064. The
vertical dotted line indicates the center of the Ca II H regions.
4.3. Photometric variations
The HIPPARCOS photometry data obtained from December
1989 to February 1993 (HD 11755), from December 1989 to
March 1993 (HD 12648), from December 1989 to February
1993 (HD 24064), and from February 1990 to March 1993
(8 UMi) were analyzed to find possible brightness variations that
may be caused by the rotational modulation of large stellar spots.
This database yields 149, 143, 162, and 111 measurements for
HD 11755, HD 12648, HD 24064, and 8 UMi, respectively. All
stars were photometrically constant down to an rms scatter of
0.008−0.010 magnitude. This corresponds to a variation over the
time span of the observations of only 0.14%, 0.13%, 0.13% and
0.12% for the four stars, respectively.
4.4. Chromspheric activity
Since the first discovery of emission lines in the core of the Ca II
absorption feature (Eberhard & Schwarzschild 1913), the EW
variations of the Ca II H have been frequently used as a chromo-
spheric activity indicator. The Ca II emission feature at the line
center implies that the source function in the chromosphere is
greater than that in the photosphere. This is common in cool stars
and is directly connected to the convective envelope and mag-
netic activity. Stellar activity can derive RV variations that can
mask or even mimic the RV signature of orbiting planetary com-
panions. Figure 1 shows the Ca II H line region of the six BOES
spectra and the chromospheric active star HD 201901 (K5 V)
and the Sun (G2 V) are shown for comparisons. The star 8 UMi
lacks a prominent core emission feature in Ca II H and two stars
HD 11755 and HD 12648 are chromospherically modest. Unfor-
tunately, the spectrum is not clear enough to resolve the emission
feature for HD 24064. There may be a slight central emission in
HD 24064 indicating a low level of stellar activity.
To clear up the ambiguity over chromospheric activity, we
also measured variaitons of Hα EW for the sample. The EW vari-
ations of the Hα line are frequently used as the chromospheric
activity indicator along with Ca II H line (Montes et al. 1995;
Kürster et al. 2003; Lee et al. 2012; Hatzes et al. 2015). We mea-
sured the EW using a band pass of ± 1.0 Å centered on the core
of the Hα line to avoid nearby blending lines (i.e. ATM H2O
6561.1, Ti I 6561.3, Na II 6563.9, and ATM H2O 6564.2 Å).
The individual chromospheric activity measurements of the Hα
line in Lomb-Scargle (L-S) periodograms are shown in the third
panel of Figs. 4, 7, 10, and 13.
Article number, page 3 of 9
A&A proofs: manuscript no. sens1
-300
-200
-100
0
100
200
300
5400 5700 6000 6300 6600 6900 7200
-100
-50
0
50
100
HD 11755
(O-C) = 27.7 (m/s)
 
 
R
V 
(m
/s
)
 
 
O
-C
 (m
/s
)
JD-2450000 (days)
Fig. 2. The RV measurements for HD 11755 from September 2010 to
May 2015. (top panel) Observed RVs for HD 11755 and the solid line
is a Keplerian orbital fit with a period of 433.7 days, a semi-amplitude
of 191.3 m s−1, and an eccentricity of 0.19, yielding a minimum com-
panion mass of 6.5 MJup. (bottom panel) Residual velocities remaining
after subtracting the companion model from observations.
4.5. Bisector variations
Stellar rotational modulations by inhomogeneous surface fea-
tures can create variable asymmetries in the spectral line profiles
(Queloz et al. 2001). The differential RV measurements between
the high and low flux levels of the line profile are defined as a
bisector velocity span (BVS = Vtop − Vbottom). The changes in
the spectral line bisector can also be quantified using the bisector
velocity curvature (BVC = [Vtop − Vcenter] − [Vcenter − Vbottom]).
A BVS is simply the velocity difference in the bisectors of line
widths between the top and bottom of the line profile and a BVC
is the difference of the velocity span of the upper half and the
lower half of the bisector.
For searching variations in the spectral line shapes, we select
Ni I 6643.6 Å line as described in Hatzes et al. (2005) and Lee
et al. (2013; 2014a), which is an unblended spectral feature with
a high flux level and is located beyond the I2 absorption region,
so contamination should not affect our bisector measurements.
We measured the bisector variations of the profile between two
different flux levels at 0.8 and 0.4 of the central depth as the span
points, thereby avoiding the spectral core and wing where errors
of the bisector measurements are large. The individual measure-
ments for line bisectors are shown in the bottom panel of Figs. 4,
7, 10, and 13 (see the text).
5. Radial velocity variations and their origins
In order to search for periodicity in observed RV time series data,
we performed the L-S periodogram analysis (Scargle 1982). This
is a useful tool to investigate long-period variations for unequally
spaced data. The resulting RV measurements are listed as online
data (Tables 3−6).
5.1. HD 11755
Twenty BOES spectra observations for HD 11755 spanning five
years have been obtained, as shown in Fig. 2 and Table 3. The
observations span four full orbital periods. The L-S periodogram
of the RV measurements for HD 11755 shows a significant peak
at a period of 433.7 days (top panel in Fig. 4). The L-S power
of this peak corresponds to a false alarm probability (FAP) of <
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Fig. 3. The RV variations for HD 11755 phased with the orbital period
of 433.7 days.
0
5
10
a FAP of 1%
 
 
HD 11755     RV
0
5
10 HIPPARCOS
 
 
0
5
10 H  EW
 
 
Lo
m
b-
S
ca
rg
le
 P
ow
er
0 300 600 900 1200 1500
0
5
10  BVS
 BVC
 
 
Period (days)
Fig. 4. The L-S periodograms of the RV measurements, the HIPPAR-
COS photometric measurements, the Hα EW variations, and the bisector
variations for HD 11755 (top to bottom panel). The vertical dashed line
marks the location of the period of 433 days. (top panel) The solid line
is the L-S periodogram of the RV measurements for five years and the
periodogram shows a significant power at a period of 433.7 days. The
dashed line is the periodogram of the residuals after removing of the
main period fit from the original data. The horizontal dotted line indi-
cates a FAP threshold of 1 ×10−2 (1%).
1 × 10−3, adopting the procedure described in Cumming (2004).
We found that a semi-amplitude K = 191.3 ± 10.2 m s−1 and
an eccentricity e = 0.19 ± 0.10 for a Keplerian orbital fit. The
rms of the RV residuals to the Keplerian orbital fit is 27.7 m s−1.
We calculated secondary period in the residual for HD 11755
and it shows no significant peak (dashed line of top panel in
Fig. 4). Adopting a mass of 0.9 ± 0.1 M⊙ for HD 11577, we fit
the companion mass m sin i = 6.5 ± 1.0 MJup at a distance of
1.08 ± 0.04 AU from the host star.
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Fig. 5. The RV measurements for HD 12648 from September 2010 to
May 2015. (top panel) Observed RVs for HD 12648 and the solid line
is a Keplerian orbital fit with a period of 133.6 days, a semi-amplitude
of 102.0 m s−1, and an eccentricity of 0.04, yielding a minimum com-
panion mass of 2.9 MJup. (bottom panel) Residual velocities remaining
after subtracting the companion model from observations.
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Fig. 6. The RV variations for HD 12648 phased with the orbital period
of 133.6 days.
In order to check for the stellar brightness variations on
HD 11755, the HIPPARCOS photometric data were analyzed,
which shows no correlations with RV variations (second panel
in Fig. 4). To examine for any RV fluctuations that would be in-
duced by stellar activity, the Hα EW variations were examined.
Figure 4 shows the L-S periodgram of the Hα EW variations
(third panel). No correlation was found between the Hα EW and
the RV variations. This means that HD 11755, at the moment of
observations, exhibited at most a modest chromospheric activity.
Finally, line bisectors were measured by two kind of methods.
No correlation was found between the RV and the BVS varia-
tions nor between the RV and the BVC variations (bottom panel
in Fig. 4). All Keplerian orbital elements are listed in Table 2.
5.2. HD 12648
Observations for HD 12648 with the BOES took place between
September 2010 and May 2015. We have gathered a total of 28
data points during five years (Fig. 5 and Table 4). We found that
the primary RV variations were fitted best with a Keplerian orbit
with a period P = 133.6 ± 0.5 days, a semi-amplitude K = 102.0
± 8.4 m s−1, and an eccentricity e = 0.04 ± 0.16. The rms of
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Fig. 7. The L-S periodograms of the RV measurements, the HIPPAR-
COS photometric measurements, the Hα EW variations, and the bisector
variations for HD 12648 (top to bottom panel). The vertical dashed line
marks the location of the period of 133 days. (top panel) The solid line
is the L-S periodogram of the RV measurements for five years and the
periodogram shows a significant power at a period of 133.6 days. The
dashed line is the periodogram of the residuals after removing of the
main period fit from the original data. The horizontal dotted line indi-
cates a FAP threshold of 1 ×10−2 (1%).
the RV residuals to the Keplerian orbital fit is 29.8 m s−1. We
calculated a secondary period in the residual for HD 12648 and
it shows no significant peak (dashed line of top panel in Fig. 7).
Assuming a mass M⋆ = 1.2 ± 0.1 M⊙ for HD 12648, the result
implies that the companion mass is m sin i = 2.9 ± 0.4 MJup at a
distance of 0.54 ± 0.02 AU from the host star.
The L-S periodograms of the HIPPARCOS measurements,
the Hα EW variations, and line bisector variations for HD 12648
are shown in Fig. 7. They do not show any obvious correlations
with the RV measurements. This suggests that RV variations are
not caused by line-shape changes produced by rotational modu-
lation of surface features but by the planetary companion.
5.3. HD 24064
Since February 2010, we have gathered 20 spectra for HD 24064
displaying in Fig. 8 and listed at Table 5. The observations span
three and half orbital periods. The L-S periodogram of the RV
measurements for HD 24064 shows a significant peak at a pe-
riod of 535.6 days (top panel in Fig. 10). The L-S power of this
peak corresponds to a FAP of < 1 × 10−3. We found that a semi-
amplitude K = 250.8 ± 6.3 m s−1 and an eccentricity e = 0.35
± 0.08. After removing the main signal, the dispersion of the
RV residuals is 34.5 m s−1, which is significantly higher than the
RV precision for the RV standard star τ Ceti (∼7 m s−1) or the
typical internal error of individual RV accuracy of ∼13.8 m s−1
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Fig. 8. The RV measurements for HD 24064 from February 2010 to
May 2015. (top panel) Observed RVs for HD 24064 and the solid line
is a Keplerian orbital fit with a period of 535.6 days, a semi-amplitude
of 251.0 m s−1, and an eccentricity of 0.35, yielding a minimum com-
panion mass of 9.4 MJup. (bottom panel) Residual velocities remaining
after subtracting the companion model from observations.
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Fig. 9. The RV variations for HD 24064 phased with the orbital period
of 535.6 days.
for HD 24064. A periodogram of the RV residual, however, does
not show any additional periodic signal as shown in Fig. 10 (top
panel). Assuming a mass M⋆ = 1.0 ± 0.1 M⊙, we fit a compan-
ion mass m sin i = 9.4 ± 1.3 MJup at a distance of 1.29 ± 0.05
AU from HD 24064.
The L-S periodograms of the HIPPARCOS measurements,
the Hα EW variations, and line bisector variations for HD 24064
are shown in Fig. 10. The Hα EW does not show any obvious cor-
relations with the RV measurements. We find a FAP of 18% for
the peak at 89.8 days in the HIPPARCOS measurements and the
dominant peak of BVS is near 350 days with a FAP over 3%, but
they show no correlation to the RV. Even though there is a peak
in the L-S periodogram of BVC roughly at 557 days, the FAP
is ∼ 27% and, therefore, it is not statistically meaningful. While
this star shows a bit of fluctuations in chromospheric activity, it
is evident from Fig. 10 that stellar activities are uncorrelated with
the RV measurements. Furthermore, the periodograms of the bi-
sector also indicates no periodicity near the 535-day period of
the planetary companion. These independent lines of evidence
thus lead us to conclude that the RV variations observed in HD
24064 are not attributable to an intrinsic stellar process but to an
orbiting giant planet.
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Fig. 10. The L-S periodograms of the RV measurements, the HIPPAR-
COS photometric measurements, the Hα EW variations, and the bisector
variations for HD 24064 (top to bottom panel). The vertical dashed line
marks the location of the period of 535 days. (top panel) The solid line
is the L-S periodogram of the RV measurements for five years and the
periodogram shows a significant power at a period of 535.6 days. The
dashed line is the periodogram of the residuals after removing of the
main period fit from the original data. The horizontal dotted line indi-
cates a FAP threshold of 1 ×10−2 (1%).
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Fig. 11. The RV measurements for 8 UMi from January 2010 to May
2015. (top panel) Observed RVs for 8 UMi and the solid line is a Kep-
lerian orbital fit with a period of 93.4 days, a semi-amplitude of 46.1 m
s−1, and an eccentricity of 0.06, yielding a minimum companion mass of
1.5 MJup. (bottom panel) Residual velocities remaining after subtracting
the companion model from observations.
5.4. 8 Ursae Minoris
We obtained 26 BOES spectra for 8 UMi spanning five years
(Fig. 11 and Table 6). The L-S periodogram of the RV measure-
ments for 8 UMi shows a significant peak at a period of 93.4 ±
4.5 days (top panel in Fig. 13). We found that a semi-amplitude
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Table 2. Orbital parameters for four exoplanets.
Parameter HD 11755 b HD 12648 b HD 24064 b 8 UMi b
P (days) 433.7 ± 3.2 133.6 ± 0.5 535.6 ± 3.0 93.4 ± 4.5
Tperiastron (JD) 2457018.2±14.0 2452324.7±57.6 2455278.3±11.8 2454108.5±22.8
K (m s−1) 191.3 ± 10.2 102.0 ± 8.4 251.0 ± 9.3 46.1 ± 4.0
e 0.19 ± 0.10 0.04 ± 0.16 0.35 ± 0.08 0.06 ± 0.18
ω (deg) 155.3 ± 12.6 99.3 ± 140.7 250.8 ± 6.3 91.0 ± 84.6
m sin i (MJup) 6.5 ± 1.0 2.9 ± 0.4 9.4 ± 1.3 1.5 ± 0.2
a (AU) 1.08 ± 0.04 0.54 ± 0.02 1.29 ± 0.05 0.49 ± 0.03
Nobs 20 28 20 26
rms (m s−1) 27.7 29.8 34.5 17.2
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Fig. 12. The RV variations for 8UMi phased with the orbital period of
93.4 days.
K = 46.1 ± 4.0 m s−1 and an eccentricity e = 0.06 ± 0.18 for the
Keplerian orbital fit. The rms of the RV residuals to the Keple-
rian orbital fit is 17.2 m s−1. By adopting a stellar mass of 1.8 ±
0.1 M⊙ for 8 UMi, we obtain a minimum companion mass of 1.5
± 0.2 MJup and a semi-major axis of 0.49 ± 0.03 AU.
The HIPPARCOS measurements, the Hα EW variations, and
line bisector variations for 8 UMi show no correlations with the
RV measurements. The lack of any significant peaks in the L-
S periodograms of chromospheric activity indicators shows that
RV measurements of 8 UMi is caused by a planetary companion.
6. Discussion
Using the BOAO/BOES, we have begun a search for exoplan-
ets around circumpolar stars in the northern hemisphere. All of
our stars have been surveyed for six years and ∼16% of them
revealed periodic RV variations. This is consistent with a pre-
diction that about 18% of F, G, and K stars harbor a planet or
candidate (Cumming et al. 2008).
We found periodic RV variations in HD 11755, HD 12648,
HD 24064, and 8 UMi. They are evolved stars that are currently
in the giant stage with stellar classifications of G0 and K0. Since
most of giants have intrinsic RV variations of several hundred
days (Hekker et al. 2008), it is necessary to critically examine
the planet hypothesis for these stars. Generally, most of them
exhibit pulsations and/or surface activities with RV variabilities
on different time scales. To establish the origin of the pure RV
variabilities, some relevant analyses were carried out: rotational
periods, photometric data, Ca II H line inspection, Hα EW mea-
surements, and line bisector measurements.
0
5
10
a FAP of 1%
 
 
8 UMi     RV
0
5
10
HIPPARCOS
 
 
0
5
10
H  EW
 
 
Lo
m
b-
S
ca
rg
le
 P
ow
er
0 300 600 900
0
5
10
 BVS
 BVC
 Period (days)
 
 
Fig. 13. L-S periodograms of the RV measurements, the HIPPARCOS
photometric measurements, the Hα EW variations, and the bisector vari-
ations for 8 UMi (top to bottom panel). The vertical dashed line marks
the location of the period of 93 days. (top panel) The solid line is the
L-S periodogram of the RV measurements for five years and the peri-
odogram shows a significant power at a period of 93.4 days. The dashed
line is the periodogram of the residuals after removing of the main pe-
riod fit from the original data. The horizontal dotted line indicates a FAP
threshold of 1 ×10−2 (1%).
The simplest test is to obtain the maximum rotational period.
Based on the rotational velocities and the stellar radii, we de-
rived the upper limits for the rotational period of 600.5 days for
HD 11755, 97.0 days for HD 12648, 549.3 days for HD 24064,
and 139.1 days for 8 UMi. Of these, because the RV period of
HD 12648 (133 days) is larger than the upper limit of the rota-
tional period of 97 days, observed RV variations in HD 12648
cannot be associated with the stellar rotation. Although the other
three show no strong correlations between the RV variations and
rotational periods, we cannot exclude the rotational modulations.
We just note that the detected RV periods can be compatible with
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Fig. 14. As of July 2015, distribution of planetary companions between
the stellar radii and declinations. Closed circles are known exoplanets
and open circles denote the locations of new four exoplanets HD 12648,
8 UMi, HD 11755, and HD 24064 (left to right). The horizontal dotted
lines indicate a declination of ± 70 ◦.
the rotational periods of the sample, even though that is not the
most likely explanation.
However, the examination of the activity indicator Ca II H
line does not show any obvious evidence of chromospheric ac-
tivity for our sample. While a weak central emission may ex-
ist in the center of Ca II H line for HD 24064, which is not
strong enough to warrant the presence of the chromospheric
active. From another measurements of chromospheric activity
(Hα EW variations), no significant peaks are evident, even in
HD 24064. We can thus exclude that the main periodic RV vari-
ations observed in HD 24064 are induced by stellar activity.
We identified the HIPPARCOS photometries and calculated peri-
odograms. None of the stars show photometric variations related
to the observed RV variations. Line bisector analysis is a fairly
common technique to determine if periodic RV variations are
caused by the rotational modulation of stellar spots. Such anal-
ysis has the advantage of being contemporaneous with the RV
measurements. No traces of line bisector variations were found
associated with the RV variations.
We thus conclude that giants HD 11755, HD 12648,
HD 24064, and 8 UMi host a planetary companion with a pe-
riod of 433, 133, 535, and 93 days and a minimum mass of 6.5,
2.9, 9.4, and 1.5 MJup, respectively. Figure 14 shows the distribu-
tion of the stellar radii versus the declinations of the exoplanets
discovered so far. HD 12648 b becomes the exoplanet detected
in the highest declination of 85.7 ◦ so far and HD 24064 b corre-
sponds to an exoplanet found around one of the largest stars. The
planets discovered in five of the six stars larger than HD 24064
were reported in another exoplanet survey program using 1.8 m
telescope at BOAO (Lee et al. 2013; Lee et al. 2014b; Hatzes et
al. 2015).
In summary, we found four new exoplanets around giant
stars by expanding the exoplanet survey region to be the north
pole region (the declination δ ≥ 70). About 20 exoplanets (cor-
responding to ∼1% of the total) have been found around the pole
region so far. Interestingly, nearly half have been found around
giant stars. These discoveries will be important in understanding
the planet formation around giant stars and the effect of the stel-
lar evolution on the planet formation. Additional observations
including south pole region can confirm the statistical character-
istics of these planetary systems.
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Table 3. RV measurements for HD 11755 from September 2010 to May
2015 using the BOES.
JD ∆RV ±σ JD ∆RV ±σ
−2450000 m s−1 m s−1 −2450000 m s−1 m s−1
5455.3146 122.8 13.7 6552.2523 −155.6 9.9
5820.3073 −11.4 10.5 6578.2070 −163.0 12.7
5961.0203 164.8 43.5 6616.9513 −214.5 10.5
6253.2048 −58.5 16.8 6808.2184 184.0 20.3
6258.1507 −15.2 11.3 6922.0666 53.4 10.8
6261.1406 28.9 14.1 6964.0179 −23.7 14.0
6261.1538 35.2 14.1 6965.2009 10.6 24.9
6286.0018 71.8 13.1 7065.9562 −122.2 14.6
6288.1130 53.7 11.7 7159.2983 72.7 19.8
6551.1367 −147.7 13.0 7171.2660 113.8 18.1
Table 4. RV measurements for HD 12648 from September 2010 to May
2015 using the BOES.
JD ∆RV ±σ JD ∆RV ±σ
−2450000 m s−1 m s−1 −2450000 m s−1 m s−1
5455.3263 −81.0 12.6 6808.0381 95.8 15.8
5842.1888 −89.3 12.4 6922.0962 −22.3 13.9
5933.0289 −3.8 13.8 6965.2304 65.0 13.8
5961.9263 −113.9 14.5 6975.1407 91.3 13.3
6259.0790 3.4 10.1 7024.8943 −147.6 14.2
6286.0988 118.0 15.3 7065.9045 −12.1 16.4
6288.1424 127.8 12.4 7065.9214 −45.3 17.2
6551.1848 29.0 14.1 7066.9422 −47.8 14.0
6578.2328 22.6 15.3 7068.0982 −15.1 16.0
6616.9759 −100.0 10.9 7084.0117 57.5 18.5
6620.1065 −99.2 16.3 7084.0261 55.5 15.0
6679.2195 76.2 15.8 7090.9466 64.3 16.4
6711.3220 53.5 13.4 7111.0923 42.3 22.4
6738.9917 −75.6 14.6 7147.9716 −50.6 18.7
Table 5. RV measurements for HD 24064 from February 2010 to May
2015 using the BOES.
JD ∆RV ±σ JD ∆RV ±σ
−2450000 m s−1 m s−1 −2450000 m s−1 m s−1
5250.1474 68.2 20.2 6739.0180 209.4 18.0
5842.2870 76.1 17.4 6808.2670 228.8 25.2
5933.2105 −81.4 17.8 6922.2232 −39.5 17.7
5959.0512 −135.1 78.5 6965.9198 −25.7 21.3
6259.1815 233.8 12.7 7094.0278 −251.9 21.0
6287.0726 239.2 24.5 7129.9748 −211.2 21.5
6551.2761 −231.4 21.0 7147.9867 −120.5 20.3
6582.2361 −216.5 18.3 7155.9862 −49.2 28.9
6617.0197 −69.6 12.9 7170.9927 96.3 33.3
6714.0840 256.1 17.5 7171.2951 24.7 20.4
Table 6. RV measurements for 8 UMi from January 2010 to May 2015
using the BOES.
JD ∆RV ±σ JD ∆RV ±σ
−2450000 m s−1 m s−1 −2450000 m s−1 m s−1
5223.2931 −11.1 14.2 6739.0549 20.8 11.1
5251.3004 52.3 10.1 6805.0734 −46.2 12.1
5456.0690 −2.5 11.8 6823.0469 35.3 11.1
5582.4015 −9.3 30.7 6972.3627 −36.4 12.5
5671.1018 −29.0 10.6 7025.2594 89.2 21.2
6026.2024 −2.2 12.7 7066.1797 −61.3 15.5
6379.0953 63.6 10.9 7067.1929 −36.4 13.6
6407.1638 −11.8 9.5 7068.1852 −60.4 13.3
6437.2342 −20.6 11.6 7108.2615 60.6 18.4
6679.2430 −1.2 10.0 7111.1635 31.5 17.4
6710.2830 −25.9 10.7
